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Abstract

Objective: Patients on dialysis are at high risk for severe COVID-19 and associated morbidity and mortality. We examined the humoral
response to SARS-CoV-2 mRNA vaccine BNT162b2 in a maintenance dialysis population.

Design: Single-center cohort study.

Setting and participants: Adult maintenance dialysis patients at 3 outpatient dialysis units of a large academic center.

Methods: Participants were vaccinated with 2 doses of BNT162b2, 3 weeks apart. We assessed anti–SARS-CoV-2 spike antibodies (anti-S)
∼4–7 weeks after the second dose and evaluated risk factors associated with insufficient response. Definitions of antibody response are
as follows: nonresponse (anti-S level, <50 AU/mL), low response (anti-S level, 50–839 AU/mL), and sufficient response (anti-S level,
≥840 AU/mL).

Results: Among the 173 participants who received 2 vaccine doses, the median age was 60 years (range, 28–88), 53.2% were men, 85% were of
Black race, 86%were on in-center hemodialysis and 14%were on peritoneal dialysis. Also, 7 participants (4%) had no response, 27 (15.6%) had
a low response, and 139 (80.3%) had a sufficient antibody response. In multivariable analysis, factors significantly associated with insufficient
antibody response included end-stage renal disease comorbidity index score ≥5 and absence of prior hepatitis B vaccination response.

Conclusions: Although most of our study participants seroconverted after 2 doses of BNT162b2, 20% of our cohort did not achieve sufficient
humoral response. Our findings demonstrate the urgent need for a more effective vaccine strategy in this high-risk patient population and
highlight the importance of ongoing preventative measures until protective immunity is achieved.

(Received 18 January 2022; accepted 7 February 2022)

It is well recognized that patients on maintenance dialysis are
at a significantly higher risk for novel coronavirus disease
2019 (COVID-19) and associated morbidity and mortality.1,2

Vaccination against severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) to prevent COVID-19 or ameliorate the
severity of infection has been strongly advocated for patients on
dialysis. AlthoughmRNA vaccines against SARS-CoV-2 have been
shown to be highly effective at preventing COVID-19 and related
serious outcomes, including hospitalizations and death,3–5 patients
on dialysis were generally excluded from, or underrepresented in

clinical trials, and whether SARS-CoV-2 vaccination offers the
same degree of protection in the dialysis population remains
unclear.

Multiple studies have examined the immune response to
SARS-CoV-2 mRNA vaccines in patients receiving dialysis,
demonstrating relatively high seroconversion rates and varying
degrees of humoral and cellular immune response after 2 doses
of SARS-CoV-2 mRNA vaccine.6–12 Most of these studies were
performed in Europe and Israel and consisted largely of white
patients. Patients of Black race make up >30% of the United
States dialysis population,13 and they have been disproportionally
affected by the COVID-19 pandemic, with an increased risk for
COVID-19 and related deaths compared to their White counter-
parts.14,15 As immunogenicity to vaccines may vary according to
race and ethnicity,16 better understanding of vaccine response in
Black patients on dialysis may help inform future SARS-CoV-2

Author for correspondence: Tingting Li, MD, MSCI, Division of Nephrology,
Washington University School of Medicine, 660 S Euclid Avenue, MSC 8126-21-8846,
St. Louis, MO 63110. E-mail: Tingli@wustl.edu

Cite this article: Li T, et al. (2022). Predictors of humoral response to SARS-CoV-2
mRNA vaccine BNT162b2 in patients receiving maintenance dialysis. Antimicrobial
Stewardship & Healthcare Epidemiology, https://doi.org/10.1017/ash.2022.31

© The Author(s), 2022. Published by Cambridge University Press on behalf of The Society for Healthcare Epidemiology of America. This is an Open Access article, distributed under the
terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and reproduction in any medium,
provided the original article is properly cited.

Antimicrobial Stewardship & Healthcare Epidemiology (2022), 2, e48, 1–8

doi:10.1017/ash.2022.31

https://doi.org/10.1017/ash.2022.31 Published online by Cambridge University Press

https://orcid.org/0000-0001-7331-9619
https://orcid.org/0000-0003-1482-0854
https://orcid.org/0000-0001-7070-9320
https://orcid.org/0000-0003-0968-9409
https://orcid.org/0000-0001-7458-1264
https://orcid.org/0000-0001-8679-8241
https://orcid.org/0000-0001-6251-0733
mailto:Tingli@wustl.edu
https://doi.org/10.1017/ash.2022.31
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/ash.2022.31
https://doi.org/10.1017/ash.2022.31


vaccine strategies in this highly vulnerable population. In this
study, we examined the humoral response to 2 doses of SARS-
CoV-2 mRNA vaccine BNT162b2 in a predominantly Black
dialysis population at a large Midwest academic institution, and
we assessed risk factors associated with insufficient vaccine
response.

Materials and methods

This study was conducted at 3 outpatient dialysis units at
Washington University School of Medicine (WUSM) in St. Louis,
Missouri, and it was approved by the WUSM Human Research
Protection Office. In February 2021, a SARS-CoV-2 vaccination
program was implemented at these dialysis units, and 2 doses of
the SARS-CoV-2 mRNA vaccine BNT162b2 were offered to all
patients, given 3 weeks apart. Adult patients on maintenance
hemodialysis (HD) or peritoneal dialysis (PD)who received≥1 dose
of the vaccine between February and April of 2021 and provided
written informed consent were included in the study.

Demographic, clinical, and laboratory data at baseline (prior to
first dose of the vaccine) were extracted from the electronic medical
records and data were stored in a REDCap database. History of
COVID-19 was defined as documentation of a positive PCR for
SARS-CoV-2 at any time prior to the first dose of SARS-CoV-2
vaccination. Comorbidities were considered independently, and
a previously validated end-stage renal disease (ESRD) comorbidity
index score was used as an estimate of underlying disease burden.17

This score was calculated by assigning a numerical weight to each
of the following comorbid conditions: atherosclerotic heart disease,
congestive heart failure, cerebrovascular accident/transient
ischemic attack, peripheral vascular disease, other cardiac disease,
chronic obstructive pulmonary disease, gastrointestinal bleeding,
liver disease, dysrhythmia, cancer, and diabetes.

A blood sample was obtained ∼4–7 weeks after the second
vaccine dose, and immunoglobulin G (IgG) antibodies against
the spike protein of SARS-CoV-2 (anti-S) were measured using
the AdviseDx SARS-CoV-2 IgG II assay (Abbott, Abbott Park,
IL). According to the manufacturer, a result is positive if anti-S
is≥50 AU/mL; patients with an anti-S below this level were consid-
ered nonresponders in our study. In the absence of a known anti-
body threshold that correlates with a protective humoral response,
an anti-S threshold of 840 AU/mL was chosen as the cutoff for
sufficient response in this study, and patients with an anti-S
between 50 AU/mL and 839 AU/mL were considered low
responders. The anti-S level of 840 AU/mL from this assay corre-
lates with a neutralizing antibody titer of 1:250, a titer that was
considered acceptable by the Food and Drug Administration for
use in the manufacture of high-titer COVID-19 convalescent
plasma.18 A neutralizing antibody titer of 1:250 has also been previ-
ously used to define a sufficient serological response.19 Finally, the
anti-S level of <840 AU/mL is close to the lowest quartile observed
in our study (<1,104 AU/mL).

Descriptive and univariate data analyses were performed using
the χ2 test, the Fisher exact test (for variables with cell size <5),
univariate Poisson regression, and Mann-Whitney U test, as
appropriate. A multivariable generalized linear model with a log
link and robust standard errors was used to determine independent
risk factors for insufficient vaccine response, with calculation of
relative risks.20 P< .05 was considered statistically significant.
We used SPSS version 27 software (IBM, Armonk, NY) and
SAS version 9.4 software (SAS Institute, Cary, NC) for statistical
analyses.

Results

Informed consent was obtained, and blood specimens were
collected from 181 patients on maintenance dialysis, of whom
157 (87%) received in-center HD and 24 (13%) were on PD.
Eight patients (4.4%) had received only 1 dose of BNT162b2 as
of the blood specimen collection date. The median anti-S level
was significantly higher in patients who received 2 doses compared
to 1 dose of the vaccine (4,100 AU/mL vs 191 AU/mL; P= .02).
Thus, those who only received a single vaccine dose were excluded
from further analyses.

In the remaining cohort of 173 patients who received 2 vaccine
doses, the median age was 60 years (range, 28–88), 53.2% were men,
and 85% were of Black race. The median time from the second
vaccine dose to blood specimen collection was 35 days (range,
14–74) and the median anti-S level was 4,100 AU/mL (range, 0–
139,121). Of the 173 patients, 7 (4%) did not have a serological
response (anti-S, <50 AU/mL), 27 (15.6%) had a low response
(anti-S, 50–839 AU/mL), and 139 (80.3%) had a sufficient antibody
response (anti-S, ≥840 AU/mL) (Table 1). Also, 25 patients (15%)
had a history of COVID-19 prior to SARS-CoV-2 vaccination; 24 of
these (96%) had a sufficient antibody response and 1 (4%) had a low
response. Antibody response was significantly greater in patients
with prevaccination COVID-19 compared to patients without prior
infection (median anti-S 31,195 AU/mL vs 3,165 AU/mL; P< .001).
Antibody response was more robust if COVID-19 occurred >6
months prior to the first dose of vaccine (N= 9) compared to <6
months prior (N= 16) (median anti-S, 78,253 AU/mL vs 19,800
AU/mL; P< .001) (Fig. 1).

Moreover, 8 patients had a breakthrough COVID-19 infection
25–248 days after receiving the second vaccine dose, 7 of whom
were Black, and all were on in-center HD (Table 2). Anti-S levels
obtained 35–49 days after the second vaccine dose ranged from 404
AU/mL to 34,315 AU/mL. Only 1 patient had a low antibody
response (< 840 AU/mL); she was hospitalized and died of severe
COVID-19. Another patient on chronic prednisone (20 mg/day)
for an autoimmune condition, and a previous history of
COVID-19 (13 months pre-vaccination), developed COVID-19
8 months after the second vaccine dose and was hospitalized with
moderate symptoms. The rest of the patients with breakthrough
infection had mild symptoms of COVID-19 and did not require
hospitalization.

In univariate analysis, factors significantly associated with
insufficient vaccine response (anti-S< 840 AU/mL) included
HIV infection with an absolute CD4 count< 200 cells/mcL (6%
vs 0%), active malignancy (12% vs 3%), prior nonresponse to hepa-
titis B (HBV) vaccination (38% vs 18%), and darbepoietin dose >
60 μg/week (29% vs 10%) (Table 3). Presence of autoimmune

Table 1. Distribution of Serological Response Among Patients With Two Doses
of SARS-CoV-2 mRNA Vaccine BNT162b2

Anti-spike
Protein Antibody
Level,
AU/mL

All
Patients
(N= 173
No. (%)

Patients Without
Prior COVID-19

(N= 147)
No. (%)

Patients With Prior
COVID-19 (N= 26)

No. (%)

<50
(nonresponse)

7 (4) 7 (4.7) 0 (0)

50–839 (low
response)

27 (15.6) 26 (17.7) 1 (3.8)

≥840 (sufficient
response)

139 (80.3) 114 (77.6) 25 (96.2)

2 Tingting Li et al

https://doi.org/10.1017/ash.2022.31 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2022.31


disease (18% vs 7%), ESRD comorbidity index ≥ 5 (44% vs 28%),
and receipt of any immunosuppressive medication (18% vs 7%)
were marginally associated with insufficient vaccine response.
Patients with hypertension requiring antihypertensivemedications
(91% vs 65%) and prevaccination COVID-19 (17% vs 3%) were
significantly more likely to develop a sufficient antibody response
to the vaccine. There was no difference in antibody response
between patients on in-center HD and those on PD (median anti-
body level, 4,237 AU/mL and 3,242 AU/mL, respectively). Black
race was not a risk factor for low vaccine response (79% vs 86%).

Variables significantly associated with vaccine non-response
using the cutoff of 50 AU/mL are shown in Supplementary
Table 1 and include prior nonresponse to HBV vaccination,
chronic prednisone use, and darbepoietin dose >60 μg per week.
Characteristics of nonresponders are shown in Supplementary Table 2.

Multivariate analysis of independent risk factors for insufficient
vaccine response are shown in Table 4. The 25 patients with known
prevaccination COVID-19 were excluded from the model since
only 1 had a low response. Variables independently associated with
insufficient vaccine response were ESRD comorbidity index score
≥5 and absence of prior HBV vaccination response. High-dose
darbepoietin was marginally associated with insufficient vaccine
response in the multivariable model.

The relationships between absence of HBV vaccination response,
hypertension, and COVID-19 vaccination response were investigated
further. The median anti-S titer was significantly lower among
patients without a priorHBVvaccination response compared to those
with a prior response (2,173 AU/mL vs 4,905 AU/mL; P= .007)
(Fig. 2). Patients with hypertension requiring antihypertensive medi-
cations were significantly less likely to beHBVvaccine nonresponders
than patients without hypertension (19% vs 40%; P= .02) and had
fewer years on dialysis (18% of patients with hypertension versus
8% without hypertension had been on dialysis for <1 year, and
43% of patients with hypertension versus 72% without hypertension
had been on dialysis for >3 years [P= .03]).

Discussion

In this single-center, US study of humoral response to 2 doses of
SARS-CoV-2 mRNA vaccine BNT162b2, we observed a high sero-
conversion rate of 96% using the manufacturer recommended

cutoff of anti-S >50 AU/mL in a cohort of predominantly Black
dialysis patients. This finding is similar to that reported in studies
in patients receiving maintenance dialysis from Europe and
Israel.10,21–23 As seropositivity does not necessarily translate into
protective immunity, we assessed humoral response using an
anti-S level of 840 AU/mL as a cutoff for “sufficient response”
because this value correlates with a neutralizing titer of 1:250,
which corresponds to a 95% probability of viral neutralization
and is likely predictive of protective immunity against
COVID-19.6,19 We found that 20% of our study cohort fell below
this threshold, suggesting that 2 doses of the vaccine may be inef-
fective in 1 of 5 patients in this dialysis population. Similar
response rates were shown by 2 other US dialysis studies that
utilized comparable neutralizing titers as the cutoff for protective
immunity.7,24

Patients with prevaccination COVID-19 had heightened anti-
body response compared to those without prior COVID-19.
This finding is consistent with published findings in both the
general and dialysis population and supports the presence of
immune memory and so called “hybrid immunity” to SARS-
CoV-2.19,25 We also found a more vigorous antibody response
in patients whose COVID-19 occurred >6 months prior to vacci-
nation compared to those whose infection occurred <6 months
before vaccination. This interesting phenomenon has been exam-
ined by Gaebler et al26 who have shown that memory B cells
continue to evolve and display clonal turnover 6 months after
COVID-19, producing antibodies with somatic hypermutation
and more potent neutralizing activity.26,27 These B-cell clones
expand markedly after vaccination, leading to a robust serological
response. This observation may have implications in vaccine
booster strategy in patients on dialysis.

In our cohort, 8 patients had a breakthrough COVID-19 infec-
tion 25–248 days after receiving the second vaccine dose (Table 2).
The first 2 patients had their blood drawn for antibody titers 11–17
days after their COVID-19 diagnosis so the higher titers could be
partly due to response to the infection itself. The third patient with
breakthrough infection ∼4 months after the second vaccine dose
did not attain sufficient antibody response, so infection was not
surprising. For the rest, COVID-19 occurred >5 months after
the second vaccine dose, implying that protective humoral
immunity may have waned over time. This confirms a previous

Fig. 1. Comparison of antibody response to 2
doses of SARS-CoV-2 mRNA vaccine BNT162b2
based on previous COVID-19 status (N = 173).
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study in a maintenance HD population, which showed rapid anti-
body loss by 6months after SARS-CoV-2 vaccination.28 In a recent
study examining breakthrough infection in dialysis patients after
SARS-CoV-2 vaccination, antibody titers decreased significantly
5–6 months after vaccination and breakthrough infection corre-
lated with preinfection circulating antibody level,29 emphasizing
the need for a vaccine booster around 6 months after the second
vaccine dose in these patients. Of our 8 patients with breakthrough
infection, 2 developed severe disease and the rest only had mild
symptoms, suggesting that a sufficient antibody response after 2
doses of SARS-CoV-2 vaccinemay be effective in preventing severe
illness at 6–8 months.

In our cohort, factors associated with insufficient antibody
response by univariate analyses included HIV infection with
CD4 count< 200 cells/mcL, active malignancy, prior nonresponse
to HBV vaccination, and use of high-dose erythropoiesis-stimu-
lating agent (ESA). Multivariate analyses identified ESRD comor-
bidity index ≥5 and absence of prior HBV vaccination response as
predictors of insufficient vaccine response. These findings suggest
that sicker and more immunocompromised patients are less likely
to respond to the vaccine. Prior nonresponse toHBV vaccination is
a marker of immune dysfunction in ESRD patients. ESRD is an
immunocompromising condition with impairment in both innate
and adaptive immunity which can lead to attenuated response to
all vaccines.30–32 High-dose ESA or ESA resistance is commonly
associated with elevated inflammatory markers and has been nega-
tively associated with response toHBV vaccination.33 However, the
mechanisms by which ESA resistance leads to reduced vaccine
responsiveness are yet to be elucidated. Also, patients with hyper-
tension requiring blood pressure medications were more likely to
develop a sufficient antibody response than those without hyper-
tension. This has not been observed by others. In fact, hypertension
has been shown to be a predictor of low vaccine response in
nondialysis populations.34,35 The likely explanation for our finding
is that the patients with hypertension in our study population
could represent a healthier and less immunocompromised
subgroup, and this is supported by our observation that patients
with hypertension were less likely to be HBV vaccine nonres-
ponders and had a shorter dialysis vintage.

Unlike other studies,6,7,9,11,36,37 older age, immunosuppressive
therapy, longer dialysis vintage, and lower serum albumin were
not independent predictors of humoral response in our cohort.
One study showed that non-White race and Hispanic ethnicity
were associated with lower response to mRNA vaccine.7 In our
study, race was not associated with vaccine response.

Our study had several limitations. It was a single-center study
with a small sample size andwithout a control group. Several studies
have shown a blunted antibody response in patients on dialysis
compared to nondialysis populations or healthy controls.6,10,11,38

We did not measure prevaccination antibody levels; therefore,
we could not rule out the possibility of asymptomatic COVID-19
cases and subsequent misclassification in our analyses. We did
not assess cellular immune response or evaluate the durability of
humoral immunity. As our vaccination program was implemented
several months ago, humoral response to the current and emerging
variants was not assessed. Also, we only examined response to
BNT162b2 vaccine and whether response to mRNA-1273 would
be significantly different in our cohort is unknown. Lastly, because
our patients are predominantly Black, results from this study may
not be generalizable to non-Black patients.

In conclusion, most dialysis patients in our cohort serocon-
verted after 2 doses of BNT162b2 mRNA vaccine. However,Ta
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Table 3. Univariate Risk Factors for Insufficient Response to Two Doses of SARS-CoV-2 mRNA Vaccine BNT162b2 (N= 173)

Characteristics
All Patients (N= 173),

No. (%)
Anti-S < 840 AU/mL
(N= 34), No. (%)

Anti-S ≥840 AU/mL
(N= 139), No. (%) RR (95% CI) P Value

Age≥ 60 y 92 (53) 19 (56) 73 (53) 1.12 (0.61–2.05) .73

Sex, male 92 (53) 19 (56) 73 (53) 1.12 (0.61–2.05) .73

Race

Black 147 (85) 27 (79) 120 (86) Reference

Other 26 (15) 7 (21) 19 (14) 1.47 (0.71–3.01) .31

Body mass index, kg/m2

Normal (18.5–24.9) 44 (25) 7 (21) 37 (27) Reference

Underweight (<18.5) 4 (2) 1 (3) 3 (2) 1.57 (0.25–9.78) .63

Overweight (25–29.9) 49 (28) 10 (29) 39 (28) 1.28 (0.53–3.08) .58

Obese (>30) 76 (44) 16 (47) 60 (43) 1.32 (0.59–2.97) .50

Etiology of ESRD

Diabetes mellitus 64 (37) 12 (35) 52 (37) 0.93 (0.49–1.75) .82

Hypertension 116 (67) 20 (59) 96 (69) 0.70 (0.38–1.29) .26

Glomerular diseases 14 (8) 2 (6) 12 (9) 0.71 (0.19–2.66) 1.00

Polycystic kidney disease 5 (3) 1 (3) 4 (3) 1.02 (0.17–6.03) 1.00

Other 49 (28) 12 (35) 37 (27) 1.38 (0.74–2.57) .31

Dialysis access in use

AVF 86 (49) 18 (53) 66 (48) Reference

AVG 40 (23) 6 (18) 34 (25) 0.70 (0.30–1.63) .41

HD catheter 25 (15) 5 (15) 20 (14) 0.93 (0.39–2.26) .88

PD catheter 24 (14) 5 (15) 19 (14) 0.97 (0.40–2.35) .95

Dialysis Modality

In-center HD 149 (86) 29 (85) 120 (86) Undefined

PD 24 (14) 5 (15) 19 (14) 1.07 (0.46–2.49) 1.00

Dialysis vintage

<1 y 29 (17) 4 (12) 24 (17) Reference

1–3 y 63 (36) 15 (44) 48 (35) 1.73 (0.63–4.75) 0.29

>3 y 81 (47) 15 (44) 66 (48) 1.34 (0.49–3.72) .57

Comorbid conditions

Diabetes mellitus 84 (49) 14 (41) 70 (50) 0.74 (0.40–1.37) .34

Hypertension requiring antihypertensive
medications

148 (86) 22 (65) 126 (91) 0.31 (0.18–0.54) <.001

Coronary artery disease 48 (28) 9 (27) 39 (28) 0.94 (0.47–1.86) .85

Congestive heart failure 56 (32) 14 (41) 42 (30) 1.46 (0.80–2.68) .22

Cerebrovascular accident 27 (16) 3 (9) 24 (17) 0.54 (0.18–1.64) .30

Neurological disease 20 (12) 2 (6) 18 (13) 0.48 (0.12–1.85) .37

Lung disease 26 (15) 6 (18) 20 (15) 1.21 (0.56–2.63) .63

Cirrhosis 4 (2) 1 (3) 3 (2) 1.28 (0.23–7.18) 1.00

Active hepatitis C 6 (4) 2 (6) 4 (3) 1.74 (0.54–5.63) .34

HIV with CD4< 200 cells/mcL 2 (1) 2 (6) 0 (0) Undefined .04

Previous COVID-19 infection 25 (15) 1 (3) 24 (17) 0.18 (0.03–1.25) .03

Sickle cell disease 3 (2) 0 (0) 3 (2) Undefined 1.00

Active malignancy 8 (5) 4 (12) 4 (3) 2.75 (1.28–5.91) .049

Autoimmune disease 16 (9) 6 (18) 10 (7) 2.10 (1.03–4.30) .06

Prior renal transplantation 19 (11) 5 (15) 14 (10) 1.40 (0.62–3.18) .54

(Continued)
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1 of 5 patients remained at risk for COVID-19 due to the inability
to achieve sufficient protective immunity. Although SARS-CoV-2
vaccination is strongly recommended for all patients on mainte-
nance dialysis, the relatively high rate of low vaccination response
shown in this study emphasizes the need for a more effective
vaccine strategy in this vulnerable population, perhaps with modi-
fication of vaccine dose and booster frequency, and withmitigating
strategies such as ring vaccination. Our results also highlight the
need to identify the subgroup of dialysis patients at risk for inad-
equate vaccine response via serological testing and the importance

Table 3. (Continued )

Characteristics
All Patients (N= 173),

No. (%)
Anti-S < 840 AU/mL
(N= 34), No. (%)

Anti-S ≥840 AU/mL
(N= 139), No. (%) RR (95% CI) P Value

Current nonrenal solid–organ transplantation 3 (2) 2 (6) 1 (1) 3.55 (1.50–8.33) .10

Active on kidney transplant list 25 (15) 5 (15) 20 (14) 1.02 (0.44–2.39) 1.00

Lack of response to prior hepatitis B vaccination 38 (22) 13 (38) 25 (18) 2.20 (1.22–3.97) .01

ESRD comorbidity index .33

<5 119 (69) 19 (56) 100 (72) Reference

≥5 54 (31) 15 (44) 39 (28) 0.74 (0.96–3.16) .07

Medications

Systemic corticosteroidsa 8 (5) 3 (9) 5 (4) 2.00 (0.77–5.16) .19

Hydroxychloroquine 4 (2) 1 (3) 3 (2) 1.27 (0.23–7.14) 1.00

Biologic agentb 2 (1) 1 (3) 1 (1) 2.59 (0.63–10.71) .36

Other immunosuppressantc 8 (5) 3 (9) 5 (4) 2.00 (0.77–5.16) .19

Any immunosuppressive medicationd 16 (9) 6 (18) 10 (7) 2.10 (1.03–4.30) .06

Active chemotherapy 0 0 0

ACEI or ARB 61 (35) 11 (32) 50 (36) 0.88 (0.46–1.68) .69

Intravenous iron, any type or dose 122 (71) 25 (74) 97 (70) 1.16 (0.58–2.31) .67

Darbepoietin dose per week, μg

<60 149 (86) 24 (71) 125 (90) Reference

60–100 24 (14) 10 (29) 14 (10) 2.59 (1.42–4.71) .003

Laboratory data

Kt/Vurea≥ 1.2 in HD,≥ 1.7 in PD : : : 34 (100) 138 (99) 1.00

Ferritin, ng/mL : : : 897 (19–2,592) 872 (31–2,987) .70

nPCR, g/kg/day : : : 0.88 (0.49–1.47) 0.89 (0.30–1.79) .72

Hemoglobin, g/dL

≥12 21 (12) 4 (12) 17 (12) Reference

10–12 95 (55) 16 (47) 79 (57) 0.88 (0.33–2.38) .81

9–10 34 (20) 6 (18) 28 (20) 0.93 (0.30–2.90) .90

<9 23 (13) 8 (24) 15 (11) 1.83 (0.64–5.19) .26

Serum albumin, g/dL

>4 29 (17) 5 (15) 24 (17) 0.89 (0.37–2.17) .81

3.5–4 109 (63) 21 (62) 88 (63) Reference

< 3.5 35 (20) 8 (24) 27 (19) 1.19 (0.58–2.44) .64

Note. Anti-S, antibody against the spike protein of SARS-CoV-2; RR: relative risk; CI, confidence interval; ESRD, end-stage renal disease; AVF, arterio-venous fistula; AVG, arterio-venous graft; HD,
hemodialysis; PD, peritoneal dialysis; HIV, human immunodeficiency virus; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; nPCR: normalized protein
catabolic rate. Values are presented as no. (%) or median (range).
aAll prednisone; dose= 5 mg (n= 6), 7.5 mg (n = 1), 20 mg (n = 1).
bBoth adalimumab.
cTacrolimus (5), azathioprine (2), leflunomide (1).
dCorticosteroids (prednisone), biologic agents (adalimumab), and other immunosuppressants (tacrolimus, azathioprine, leflunomide).

Table 4. Independent Risk Factors for Insufficient Vaccine Responsea

Factors RR (95% CI) P Value

ESRD comorbidity index ≥ 5 1.91 (1.09–3.34) .024

Absence of prior HBV vaccination response 1.93 (1.12–3.34) .018

Darbepoietin dose> 60 mcg per week 1.80 (0.99–3.27) .06

Note. RR, relative risk; CI, confidence interval; ESRD, end-stage renal disease; HBV, hepatitis B
virus.
aHIV infection with CD4< 200 cells/μL was not included due to small cell sizes; active
malignancy was included as a component of the ESRD comorbidity index; hypertension was
excluded to focus on risk factors associated with insufficient vaccine response.
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of maintaining preventative measures such as social distancing and
mask wearing until a protective immune response is attained.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2022.31

Acknowledgments. We are grateful to our patients for their participation in
this study and to the nephrologists and staff members at the 3 dialysis units for
their assistance in the implementation of the study. This study is submitted on
behalf of the CDC Epicenters Program.

Financial support. This work was supported by the CDC Epicenters Program
(grant no. 6 U54CK000482-04), the Clinical and Translational Science Award
(CTSA grant no. UL1 TR000448), and Siteman Comprehensive Cancer Center
and NCI Cancer Center (grant no. P30 CA091842).

Conflicts of interest. T.L. receives research support from Aurinia
Pharmaceuticals, Genentech, and Omeros Corporation, and reports consultancy
agreements with ChemoCentryx, Travere Therapeutics, GlaxoSmithKline, and
Reata Pharmaceuticals. C.W.F. receives research funding from Abbott
Laboratories, Roche Diagnostics, and Siemens Healthineers. D.K.W. has served
as a consultant for Mölnlycke Health Care AB.M.A.O. has served as a consultant
for Pfizer for work unrelated to this study. All other authors have no relevant
disclosures.

References

1. Francis A, Baigent C, Ikizler TA, Cockwell P, Jha V. The urgent need to
vaccinate dialysis patients against severe acute respiratory syndrome coro-
navirus 2: a call to action. Kidney Int 2021;99:791–793.

2. Jager KJ, Kramer A, Chesnaye NC, et al. Results from the ERA-EDTA
registry indicate a high mortality due to COVID-19 in dialysis patients
and kidney transplant recipients across Europe. Kidney Int 2020;98:
1540–1548.

3. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the BNT162b2
mRNA COVID-19 vaccine. N Engl J Med 2020;383:2603–2615.

4. DaganN, BardaN, Kepten E, et al.BNT162b2mRNACOVID-19 vaccine in
a nationwide mass vaccination setting. N Engl J Med 2021;384:1412–1423.

5. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-
1273 SARS-CoV-2 vaccine. N Engl J Med 2020;384:403–416.

6. Van Praet J, Reynders M, De Bacquer D, et al. Predictors and dynamics of
the humoral and cellular immune response to SARS-CoV-2mRNAvaccines
in hemodialysis patients: a multicenter observational study. J Am Soc
Nephrol 2021;32:3208–3220.

7. Anand S, Montez-Rath ME, Han J, et al. Antibody response to
COVID-19 vaccination in patients receiving dialysis. J Am Soc Nephrol
2021;32:2435–2438.

8. Lacson E, Argyropoulos CP. Immunogenicity of SARS-CoV-2 vaccine in
dialysis. J Am Soc Nephrol 2021;32:2735–2742.

9. Danthu C, Hantz S. Humoral response after SARS-CoV-2 mRNA vaccina-
tion in a cohort of hemodialysis patients and kidney transplant recipients.
J Am Soc Nephrol 2021;32:2153–2158.

10. Paal M, Arend FM, Lau T, et al. Antibody response to mRNA SARS-CoV-2
vaccines in haemodialysis patients. Clin Kidney J 2021;14:2234–2238.

11. Yanay NB, Freiman S, Shapira Ma, et al. Experience with SARS-CoV-2
BNT162b2 mRNA vaccine in dialysis patients. Kidney Int 2021;99:
1496–1498.

12. Yau K, Abe KT, Naimark D, et al. Evaluation of the SARS-CoV-2 antibody
response to the BNT162b2 vaccine in patients undergoing hemodialysis.
JAMA Netw Open 2021;4:e2123622.

13. 2010 USRDS annual data report: atlas of end-stage renal disease in
the United States. United States Renal Data System website. https://
www.usrds.org/media/1335/v2_00a_intros.pdf. Published 2010, Accessed
March 4, 2022.

14. Shiels MS, Haque AT. Racial and ethnic disparities in excess deaths during
the COVID-19 pandemic, March to December 2020. Ann Intern Med
2021;174:1693–1699.

15. Hsu CM, Weiner DE, Aweh G, et al. COVID-19 Among US dialysis
patients: risk factors and outcomes from a national dialysis provider.
Am J Kidney Dis 2021;77:748–756.

16. Jethwa H, Wong R, Abraham S. COVID-19 vaccine trials: ethnic diversity
and immunogenicity. Vaccine 2021;39:3541–3543.

17. Liu J, Huang Z, Gilbertson DT, Foley RN, Collins AJ. An improved
comorbidity index for outcome analyses among dialysis patients. Kidney
Int 2010;77:141–151.

18. https://www.fda.gov/media/141411/download. 2021.
19. Ebinger JE, Fert-Bober J, Printsev I, et al. Antibody responses to the

BNT162b2 mRNA vaccine in individuals previously infected with
SARS-CoV-2. Nat Med 2021;27:981–984.

20. Zou G. A modified poisson regression approach to prospective studies with
binary data. Am J Epidemiol 2004;159:702–706.

21. Grupper A, Sharon N, Finn T, et al. Humoral response to the Pfizer
BNT162b2 vaccine in patients undergoing maintenance hemodialysis.
Clin J Am Soc Nephrol 2021;16:1037–1042.

22. Agur T, Ben-Dor N, Goldman S, et al. Antibody response to mRNA
SARS-CoV-2 vaccine among dialysis patients—a prospectivecohort study.
Nephrol Dialysis Transplant 2021 doi: 10.1093/ndt/gfab155.

Fig. 2. Comparison of antibody response to 2
doses of SARS-CoV-2 mRNA vaccine BNT162b2
based on previous hepatitis B vaccination
response status (N= 173). Note. HBV, hepatitis
B virus.

Antimicrobial Stewardship & Healthcare Epidemiology 7

https://doi.org/10.1017/ash.2022.31 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2022.31
https://www.usrds.org/media/1335/v2_00a_intros.pdf
https://www.usrds.org/media/1335/v2_00a_intros.pdf
https://www.fda.gov/media/141411/download
https://doi.org/10.1093/ndt/gfab155
https://doi.org/10.1017/ash.2022.31


23. Broseta JJ, Rodríguez-Espinosa D, Rodríguez N, et al.Humoral and cellular
responses to mRNA-1273 and BNT162b2 SARS-CoV-2 vaccines adminis-
tered to hemodialysis patients. Am J Kidney Dis 2021;78:571–581.

24. Mulhern JG, Fadia A, Patel R, et al. Humoral response to mRNA versus an
adenovirus vector-based SARS-CoV-2 vaccine in dialysis patients.Clin J Am
Soc Nephrol 2021;16:1720–1722.

25. Chan L, Fuca N, Zeldis E, Campbell KN, Shaikh A. Antibody response to
mRNA-1273 SARS-CoV-2 vaccine in hemodialysis patients with and
without prior COVID-19. Clin J Am Soc Nephrol 2021;16:1258–1260.

26. Gaebler C, Wang Z, Lorenzi JCC. Evolution of antibody immunity to
SARS-CoV-2. 2021;591:639–644.

27. Wang Z, Muecksch F. Naturally enhanced neutralizing breadth against
SARS-CoV-2 one year after infection. Nature 2021;595:426–431.

28. Davidovic T, Schimpf J, Abbassi-Nik A, et al. Waning humoral response 6
months after SARS-CoV-2 vaccination with the mRNA-BNT162b2 vaccine
in hemodialysis patients: time for a boost. Kidney Int 2021;100:1334–1335.

29. Anand S, Montez-Rath ME, Han J, et al. SARS-CoV-2 vaccine antibody
response and breakthrough infection in patients receiving dialysis. Ann
Intern Med 2021. doi: 10.7326/M21-4176.

30. Kato S, Chmielewski M, Honda H, et al. Aspects of immune dysfunction in
end-stage renal disease. Clin J Am Soc Nephrol 2008;3:1526–1533.

31. Ma BM, Yap DYH, Yip TPS, Hung IFN, Tang SCW, Chan TM.
Vaccination in patients with chronic kidney disease—review of current
recommendations and recent advances. Nephrology (Carlton, Vic.) 2021;
26:5–11.

32. Crespo M, Collado S, Mir M, et al. Efficacy of influenza A H1N1/2009
vaccine in hemodialysis and kidney transplant patients. Clin J Am Soc
Nephrol 2011;6:2208–2214.

33. Afsar B. The relationship between erythropoietin resistance and antibody
response to hepatitis B vaccine in hemodialysis patients. Nephrourol Mon
2013;5:806–812.

34. Watanabe M, Balena A, Tuccinardi D. Central obesity, smoking
habit, and hypertension are associated with lower antibody titres in
response to COVID-19 mRNA vaccine. Diabetes Metab Res Rev 2022;
38(1):e3465.

35. Ruether DF, Schaub GM, Duengelhoef PM, et al. SARS-CoV2-specific
humoral and T-cell Immune response after second vaccination in liver
cirrhosis and transplant patients. Clin Gastroenterol Hepatol 2022;20:
162–172.

36. Bertrand D, Hamzaoui M, Lemée V, et al. Antibody and T-cell
response to SARS-CoV-2 messenger RNA BNT162b2 vaccine in kidney
transplant recipients and hemodialysis patients. J Am Soc Nephrol 2021;32:
2147–2152.

37. Longlune N, Nogier MB, Miedougé M, et al. High immunogenicity of a
messenger RNA-based vaccine against SARS-CoV-2 in chronic dialysis
patients. Nephrol Dialysis Transplant 2021;36:1704–1709.

38. Simon B, Rubey H, Treipl A, et al. Haemodialysis patients show a highly
diminished antibody response after COVID-19 mRNA vaccination
compared with healthy controls. Nephrol Dialysis Transplant 2021;36:
1709–1716.

8 Tingting Li et al

https://doi.org/10.1017/ash.2022.31 Published online by Cambridge University Press

https://doi.org/10.7326/M21-4176
https://doi.org/10.1017/ash.2022.31

	Predictors of humoral response to SARS-CoV-2 mRNA vaccine BNT162b2 in patients receiving maintenance dialysis
	Materials and methods
	Results
	Discussion
	References


